Combination of sedatives such as fentanyl and midazolam during bronchoscopy is recommended by American College of Chest Physician due to its favourable drug profile. It improves patient comfort and tolerance, and is commonly given unless contraindicated. We describe a rare case of fentanyl-induced chest wall rigidity syndrome during a routine bronchoscopy with endobronchial ultrasound guidedtransbronchial needle aspiration (EBUS-TBNA) in a 55 year old male presenting with a lung mass and mediastinal lymphadenopathy. This was effectively managed with neuromuscular blockade, intubation and reversal agents including naloxone. This rare complication should be effectively managed by all bronchoscopist as it carries significant mortality and morbidity if not recognised early. We review the literature on the occurrence of fentanyl-induced chest wall rigidity and its predisposing risks factors.
Case report
A 55 year old Chinese male presented to the respiratory clinic for chronic cough for 3 weeks duration associated with haemoptysis. Prior to presentation, he was treated in the community with oral antibiotics without improvement. He had no known past medical history and but he had a significant 20 pack year smoking history. There were no relevant contact exposure or other symptoms to suggest pulmonary tuberculosis. A chest radiograph showed a large right lower zone mass, concerning for malignancy. A computed tomography (CT) thorax confirmed a right middle lobe mass with multiple necrotic mediastinal lymph nodes and liver metastasis ( Fig. 1a ). Sputum acid fast bacilli (AFB) smears and tuberculosis polymerase chain reaction (TB PCR) were negative.
A bronchoscopy and endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) of the mediastinal lymph nodes was arranged. Initial pre-procedural examination was unremarkable and he was afebrile with normal vital signs and oxygen saturation of 99% on room air. The patient did not have any preprocedure risk factors for apnoea such as obstructive sleep apnoea (OSA) or short neck. His BMI was 18.9. Topical xylocaine spray 10% was given intra-orally and intra-nasally. Initial 1 mg of intravenous (IV) midazolam and 25 mg of IV fentanyl was given for moderate sedation with cardiac and pulse oximeter monitoring. A flexible bronchoscope was first introduced for airway inspection. Vocal cords was normal in appearance. Except for submucosal infiltration seen in the right middle lobe, there were no other endobronchial lesions seen ( Fig. 1b ). During inspection, a further 2 mg of IV midazolam was given to maintain adequate sedation. Bronchoalveolar lavage was performed to the right middle lobe with good returns. The flexible bronchoscope was removed and endobronchial ultrasound bronchoscope was introduced. Surveillance endobronchial ultrasound screen showed enlarged subcarinal and right para-tracheal lymph nodes. Because the patient became agitated, a further IV midazolam 2 mg and IV fentanyl 25 mg was given, closely titrated to maintain moderate sedation. Successful EBUS-TBNA to sub-carinal lymph node was performed. We then proceeded to biopsy the right para-tracheal lymph node but abandoned because patient turned restless again and required a further IV fentanyl 50 mg. 2 minutes later, patient became unconscious and apnoeic. He was rigid and his chest wall movement ceased During the apnoea phase, he had desaturated leading to sinus bradycardia on the cardiac monitor. Bronchoscope was immediately removed and bag-valve-mask ventilation was attempted but ineffective due to chest wall rigidity. 100 mg IV suxamethonium was given for muscle paralysis to allow for endotracheal intubation and ventilation, followed by naloxone and flumazenil to reverse the effects of fentanyl and midazolam respectively. The time interval between the onset of apnoea and successful endotracheal intubation was 2 min. Airway inspection through the endotracheal tube showed no evidence of airway bleeding. Patient was extubated in the endoscopy room after 10 minutes of observation and wearing off of the effect of neuromuscular blockade (suxamethonium). He was closely observed in the recovery room for the next 6 hours during which he was successfully weaned off oxygen and discharged home on the same day.
Discussion
Sedation during bronchoscopy including combination of benzodiazepines and opioids are recommended in the American College of Chest Physicians guidelines, due to their synergistic properties and improved patient tolerance of this common procedure. [1] Fentanyl and midazolam are the recommended sedative and analgesic agents due to their short duration and quick onset of action, and are routinely given to improve patient's tolerance unless contraindicated [1] . In our institution we provide moderate sedation with titrated doses of midazolam and fentanyl to achieve this effect under close cardiac and pulse oximeter monitoring, and this is well tolerated in majority of patients. Risks of moderate sedation are known and may include cardiac instability and respiratory depression.
However, fentanyl induced chest wall rigidity is an uncommon complication, especially during sedation for routine bronchoscopy [2] (See Table 1 ). It was first described by Hamilton and Cullen in 1953 [3] . It primarily results in chest wall and abdominal wall rigidity, also known as the 'wooden chest syndrome [4] . The reduced chest wall compliance makes rescue assisted ventilation difficult [4] . This may also be contributed by vocal cords or jaw closure resulting in upper airway obstruction [5] .
The mechanisms are unclear but may be centrally mediated through dopaminergic neurons within the basal ganglia and not due to depression of respiratory drive [4, 6] . Fentanyl may also induce muscle rigidity by activating spinal motor neurons through its actions on the pons [4] . Occurrence of fentanyl induced chest wall rigidity is dependent on the dose and rate administered. When IV fentanyl was administered at a rate of 150 mcg/kg/min in healthy human volunteers, rigidity occurred at a dose of 15 mcg/kg and average 3 minutes after peak fentanyl plasma concentrations, which lasted for 11.5 minutes [7] . Others had also reported chest wall rigidity at lower rates of 30e50 mcg/min with doses of 7.3e8 mcg/kg [8, 9] . Chest wall rigidity had also been described in an advance lung cancer patient receiving fentanyl patches [10] .
In our patient, chest wall rigidity occurred after a significantly lower dose of 100 mg IV fentanyl (1.6 mg/kg), given in divided doses.
The occurrence at relatively low dose is rare with only very few reported cases [3, 4, 6, 11] . This complication is also unusual in the setting of a routine outpatient bronchoscopy. Our patient had also received total 5 mg IV midazolam in divided doses, which could also potentiate the effect of fentanyl [6] . Conversely, others have also reported that midazolam may attenuate the effect of fentanylinduced chest wall rigidity [12] . Other described risk factors for fentanyl-induced rigidity include extremes of age, critical illnesses and antidepressants which were not present in our patient [12, 13, 17] . Chest wall rigidity can result in serious complications if not recognised early. Rescue bag and mask ventilation may prove ineffective until appropriate pharmacological treatment is given. Management includes reversal of the effects of fentanyl with naloxone. However, as naloxone has a shorter half-life than fentanyl, it is important that patient are observed closely several hours after naloxone has been administered [6] . Short acting neuromuscular blockade and ventilatory support is also effective to attenuate the effect of fentanyl induced chest wall rigidity [2, 6] .
In conclusion, we present a rare complication chest wall rigidity following relatively low dose of fentanyl in a routine bronchoscopy, which was effectively managed with naloxone, neuromuscular blockade and ventilation. All bronchoscopists should be able to recognise this complication and provide appropriate management to prevent life threatening respiratory compromise. 
